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I
摘要 
人体二尖瓣生长于左房室口周缘，其主要部分有大小两个瓣叶，三部分瓣下
结构（瓣叶、腱索、乳头肌）等，借助腱索提供的牵拉作用，在心脏舒张、收缩
的过程中，依靠负载压力和血液的共同作用呈规律性的开闭运动，以确保心脏内
部血液循环功能的进行。本文对二尖瓣建立了精确的物理模型，并以此为基础，
模拟了病变脱垂的情况，针对此情况，对于几类二尖瓣修复术进行了有限元仿真。
通过模拟在一个完整心动周期内的运动，分析其受力情况，在二尖瓣力学机理的
研究有着重要意义。同时模拟了二尖瓣在各类病因影响下发生脱垂的病例，对于
瓣膜修复术等心脏外科手术起到了重要的指导作用。 
本文首先分析了人体二尖瓣生理结构，并通过有限元技术，建立了细致准确
的物理模型，并在不同瓣叶厚度下进行了仿真分析，得出了不同情况下，二尖瓣
应力水平及闭合效果，从而分析他们之间的影响。接着建立了与实际情况相符合
的后瓣叶脱垂（mitral valve prolapse，MVP）病变模型。针对该病变模型采用矩
形切除术进行修复，通过比对修复术前后二尖瓣的不同应力情况及闭合结果分析
了手术的效果。另外建立了二尖瓣冗余脱垂病变模型，针对其采用了纵向折叠术
进行修复，通过对比修复前后的的二尖瓣心动周期闭合情况分析手术的效果。 
本文主要在以下三方面进行了研究创新：  
1.根据临床解剖学给出的结果，建立了全新的更加接近人体真实二尖瓣形态
的二尖瓣模型。借助有限元模型并结合临床数据结论，对于二尖瓣在完整心动周
期内的运动进行了更加精确的模拟。接着结合临床上的划分标准及学者们在科研
中对瓣叶厚度的建立准则，提出了建立 5 组具有不同瓣叶厚度的对比模型，通过
对于这几组对比模型的有限元仿真，分析不同情况下的二尖瓣应力水平，研究在
不同瓣叶厚度下二尖瓣闭合效果和返流口面积，证实了瓣叶厚度增加会对二尖瓣
闭合效果产生影响。 
2.通过对于临床数据的分析，二尖瓣瓣叶脱垂主要由腱索病变甚至断裂引
起。本文创新性地针对腱索断裂引起的二尖瓣脱垂病变建立了有限元模型进行研
究分析。在不同的病变程度下，根据临床数据，施加了实际的瓣叶载荷，并通过
有限元手段观察二尖瓣的闭合过程，得出了不同瓣叶载荷下二尖瓣的应力情况和
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闭合情况。通过病变模型实施了矩形切除术，并通过对比手术修复前后的二尖瓣
闭合情况，验证手术的正确性。手术结果显示，矩形切除术对于二尖瓣后瓣叶的
脱垂具有良好的修复效果，仿真结果与临床实际吻合。 
3.二尖瓣的纵向折叠术是针对先天性的瓣叶肥厚伴随的瓣叶冗余从而引发
二尖瓣脱垂行之有效的手术。通过纵向折叠术可以修复瓣叶的脱垂，修正心动周
期内二尖瓣的闭合效果。针对这种情况，本文建立了相应的几何模型，模拟其在
完整心动周期内的运动，观察在不同载荷下的闭合情况。之后通过施行后瓣叶的
纵向折叠术对二尖瓣进行修复。修复术模型建立完成后，仿真了该模型在心动周
期中的运动过程，结果显示该修复术具有较好的修复效果。 
 
关键词：二尖瓣；矩形切除；纵向折叠
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Abstract 
    Mitral valve is one of the important ale tissue in the human heart, it is located in 
the left atrioventricular orifice peripheral. It is one of the important structure to ensure 
the normal cardiac function. Mitral valve including the mitral valve ring, disc blade, 
chordae tendineae and papillary muscle structure. With the help of the papillary 
muscles and chordae tendineae tension, in the heart and blood pressure power to a 
combination of the periodic opening and closing movement, ensure internal normal 
blood flow to the heart function. In this paper, by means of finite element simulation 
technology, on the basis of the human body normal mitral valve modeling, we created  
mitral valve lesion and mitral valve repair for modeling and simulation. The 
simulation of the motion state and stress distribution in the cardiac cycle, for dynamic 
mechanism, simulation study of mitral valve cases of mitral valve prolapse. This 
paper will give some guiding for mitral valve surgical and have a great significance. 
This paper according to the physiological structure of mitral valve actual body 
finite element model established fine mitral valve, valve leaf thickness were 
emphatically studied on the influence on the effect of stress level and closure of mitral 
valve. Then set up in accordance with the actual pathological phenomena after mitral 
valve prolapse leaves (mitral valve prolapse, MVP) model of the lesions. Against the 
disease model using rectangular resection to repair, after repair by comparing 
preoperative different stress conditions of the mitral valve and closed results analyses 
the effect of prosthesis. Also set up after the disc disease model of redundant prolapse. 
Against the disease model adopted the longitudinal fold surgery to repair, by 
comparing before and after repair of mitral valve closed cardiac cycle effect of the 
analysis of the operation. 
The thesis is organized by three main topics as follows： 
1. According to the result of clinical anatomy are given, and the establishment of 
a new closer to real mitral valve in the form of the human body model of the mitral 
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valve. On the basis of the model, according to the clinical data and related description, 
a more accurate simulation of mitral valve closing process, and by means of finite 
element about observation of mitral valve closed condition and stress variation in the 
valve. Then combined with the clinical classification standard of disc blade thickness 
and scholars in simulation study of disc blade thickness setting standards, innovative 
established 5 groups with different disc alignment model of leaf thickness, through the 
finite element simulation analysis is mainly focused on the different thickness of disc 
blade for mitral valve closed condition and the influence of different thickness of disc 
blade for mitral valve return LiuKou area of influence. 
2. This paper innovative in established as a result of chordae tendineae rupture 
disc prolapse of model, and according to the actual lesions exert corresponding degree 
of disc blade load and simulation of closed in the case of mitral valve prolapsed. 
Analysis of the stress situation of mitral valve in lesions form and degree of closure. 
Through the disease model implemented a rectangular resection, and by comparing 
before and after surgery to repair the closing of the situation, to prove the validity of 
the surgery. For surgery, according to the results of the rectangular resection after 
mitral valve prolapse with good repair effect of leaf of, the simulation result in 
accordance with the clinical practice. 
3. The longitudinal folds of mitral valve surgery is for congenital hypertrophy 
with disc disc/redundant triggering mitral valve prolapse and effective operation. 
Through the longitudinal fold surgery can repair valve leaflets prolapse, correction of 
cardiac cycle in mitral valve closure effect. At first, this paper established a bicuspid 
valves after mitral valve model of redundancy, imposed load simulation in the closed 
within the cardiac cycle. By bicuspid valves after the enforcement of longitudinal fold 
after surgery for mitral valve repair. After completion of repair model, the simulation 
of the model in the cardiac cycle movement process, the results showed that the 
prosthesis has a good effect of repair. 
Key words: Mitral valve; Rectangular resection; Longitudinal fold
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